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Abstract: 
 
Concerning age-related effects on cognitive skill acquisition, the modal finding is that older 
adults do not benefit from practice to the same extent as younger adults in tasks that afford a shift 
from slower algorithmic processing to faster memory-based processing. In contrast, Rawson and 
Touron (2009) demonstrated a relatively rapid shift to memory-based processing in the context 
of a reading task. The current research extended beyond this initial study to provide more 
definitive evidence for relative preservation of memory-based automaticity in reading tasks for 
older adults. Younger and older adults read short stories containing unfamiliar noun phrases 
(e.g., skunk mud) followed by disambiguating information indicating the combination’s meaning 
(either the normatively dominant meaning or an alternative subordinate meaning). Stories were 
repeated across practice blocks, and then the noun phrases were presented in novel sentence 
frames in a transfer task. Both age groups shifted from computation to retrieval after relatively 
few practice trials (as evidenced by convergence of reading times for dominant and subordinate 
items). Most important, both age groups showed strong evidence for memory-based processing 
of the noun phrases in the transfer task. In contrast, older adults showed minimal shifting to 
retrieval in an alphabet arithmetic task, indicating that the preservation of memory-based 
automaticity in reading was task-specific. Discussion focuses on important implications for 
theories of memory-based automaticity in general and for specific theoretical accounts of age 
effects on memory-based automaticity, as well as fruitful directions for future research. 
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Article:  
 
  
Research on cognitive skill acquisition has consistently shown that older adults do not benefit 
from practice to the same extent as younger adults. These age differences are particularly 
pronounced for tasks in which practice affords a shift from slower algorithmic processing to 
faster memory-based processing, with older adults consistently slower or less likely to shift to 
memory-based processing during cognitive skill acquisition (e.g., Hoyer, Cerella, & Onyper, 
2003; Jenkins & Hoyer, 2000; Rogers, Hertzog, & Fisk, 2000; Touron & Hertzog, 2004a, 2004b; 
Touron, Hoyer, & Cerella, 2004; Touron, Swaim, & Hertzog, 2007). However, Rawson and 
Touron (2009) reported an intriguing empirical exception to this modal finding, in which older 
adults demonstrated a relatively rapid shift to memory-based processing in a reading task. The 
current research extended beyond this initial study to provide more definitive evidence for 
relative preservation of memory-based automaticity in reading tasks for older adults. 
 
Below, we first briefly describe memory-based theories of automaticity. Next, we summarize 
research on age effects on memory-based processing in cognitive skill acquisition. Last, we 
discuss evidence reported by Rawson and Touron (2009) and how the current research provides a 
significant extension to definitively establish robust memory-based automaticity in reading tasks 
for older adults. To foreshadow, the Discussion focuses heavily on the theoretical implications of 
these outcomes, both for theories of memory-based automaticity in general and for specific 
theoretical accounts of age effects on memory-based automaticity. 
 
MEMORY-BASED THEORIES OF AUTOMATICITY 
 
Early theories of automaticity involved what Logan (1988) referred to as property-list accounts, 
in which automaticity is defined in terms of properties of task performance (e.g., task 
performance might be defined as “automatic” if it is fast, effortless, and autonomous; e.g., 
Hasher & Zacks, 1979; Schneider, Dumais, & Shiffrin, 1984). This approach to defining 
automaticity is also common in theories of reading skill, in which “skilled reading” is often 
defined in terms of properties of performance (e.g., Walczyk, 2000), and in theories of specific 
component processes within the comprehension system (e.g., word recognition, T. L. Brown, 
Gore, & Carr, 2002; syntactic parsing, Hahne & Friederici, 1999; inferencing, McKoon & 
Ratcliff, 1992). However, as Logan and Klapp (1991) stated, “approaches that define 
automaticity in terms of manifest properties, such as speed, effortlessness, and autonomy 
(property-list approaches), are stipulative or descriptive but not predictive” (p. 179), because 
they do not explain the underlying processes that give rise to these properties. Rawson (2004) 
also noted that property-list accounts seldom agree on the set of necessary and sufficient 
properties for defining reading as “skilled” or “automatic.” Given these limitations of property-
list accounts of automaticity, contemporary theories of skill acquisition instead define 
automaticity in terms of the dynamic underlying processes that give rise to the performance 
properties of interest. 
 
For present purposes, we focus on memory-based theories of automaticity (Logan, 1988; 
Palmeri, 1997; Rickard, 1997). These theories assume that many tasks afford two possible routes 
for interpreting stimuli, an algorithmic route and a memory-based route. Algorithms involve an 
item-general sequence of processing steps to interpret any stimulus of a given type (e.g., 
multiplication rules can be applied to solve any multiplication problem). In contrast, the 
memory-based route involves retrieving interpretations of stimuli previously stored in long-term 
memory (e.g., directly retrieving “12 × 12 = 144”). The core assumption of memory-based 
theories is that speed-ups with practice reflect shifting away from slower algorithmic processes 
to greater reliance on retrieval of prior interpretations. For example, instance theory (Logan, 
1988) assumes that each time a stimulus is encountered, the algorithmic and memory-based 
routes race to produce an interpretation, and stimulus interpretation is based on the output of 
whichever process finishes first. The likelihood that at least one instance will be retrieved 
quickly increases as the number of instances increases; thus, retrieval is increasingly likely to 
produce a response before the algorithm. 
 
A common method for detecting the role of memory-based automaticity in speed-ups with 
practice (and the one adopted here) involves comparing response times at the beginning versus 
end of practice for stimulus sets that differ in their algorithmic complexity. For example, Logan 
and Klapp (1991) presented learners with alphabet arithmetic problems (e.g., F + 2 = H?). At the 
outset of practice, individuals solve problems algorithmically by counting up the alphabet from 
the initial letter to the terminal letter. Problems with larger versus smaller addends (e.g., F + 4 = 
J vs. F + 2 = H) take longer to solve via counting. Later in practice, individuals are increasingly 
likely to directly retrieve solutions stored on prior trials, and retrieval speed is assumed not to 
differ by addend size. For example, in Logan and Klapp (1991), response times increased by 486 
ms per increase in addend at the beginning of practice versus by only 45 ms at the end of 
practice. More generally across tasks used in automaticity research, the degree of convergence in 
response times at the end of practice for items that initially differ in algorithm complexity 
indicates the degree that performance involves memory-based processing. 
 
The contribution of memory-based processing to speed-ups with practice has been shown in a 
wide range of skill acquisition tasks, including alphabet arithmetic (e.g., Klapp, Boches, Trabert, 
& Logan, 1991; Logan & Klapp, 1991; Wilkins & Rawson, 2010, 2013), pound arithmetic 
(described below; e.g., Rickard, 1997; Touron et al., 2004), multiplication (e.g., Rickard, Lau, & 
Pashler, 2008), visual search (e.g., Fisk, Hertzog, Lee, Rogers, & Anderson-Garlach, 1994), 
noun-pair look-up (e.g., Rogers et al., 2000; Touron & Hertzog, 2004a), lexical decision (e.g., 
Grant & Logan, 1993; Logan, 1988), and numerosity judgments (e.g., Jenkins & Hoyer, 2000; 
Lassaline & Logan, 1993; Palmeri, 1997). Most relevant for present purposes, recent research 
has also established the contribution of memory-based processing to speed-ups with practice in 
syntactic and semantic processes during reading tasks (Rawson, 2004, 2010; Rawson & 
Middleton, 2009; Rawson & Touron, 2009). 
 
AGE DIFFERENCES IN MEMORY-BASED AUTOMATICITY 
 
Although research has demonstrated memory-based automaticity in a wide range of skill 
acquisition tasks, these effects are not equally robust for younger and older adults. Across many 
different tasks, older adults are slower or less likely to shift to memory-based processing with 
practice (e.g., Hoyer et al., 2003; Jenkins & Hoyer, 2000; Rogers et al., 2000; Touron & Hertzog, 
2004a, 2004b; Touron et al., 2004; Touron et al., 2007). For example, Touron et al. (2004) 
presented older and younger adults with pound arithmetic verification problems (of the abstract 
form A # B = C, in which “#” refers to the following sequence of operations: B − A + 1 + B = C; 
e.g., “12 # 43 = 75” is true, because 43 – 12 + 1 + 43 = 75). Ten problems were each presented 
for 75 practice trials, and participants were prompted to report how they verified the preceding 
problem (by computing the answer or retrieving the answer). Despite the small number of 
problems and the large number of practice trials, reports of retrieval use were still lower for older 
adults than for younger adults at the end of practice. Other studies have also shown persistent age 
differences in memory-based automaticity even after extensive practice with the same items 
(e.g., Hertzog, Touron, & Hines, 2007; Jenkins & Hoyer, 2000; Lamson & Rogers, 2008; 
Touron, 2006). For example, Touron and Hertzog (2004a) found persistent age differences in 
retrieval use after 60 item repetitions, even in a condition for which all items were pretrained. 
 
In contrast to the overwhelming evidence for persistent age-related deficits in memory-based 
automaticity, Rawson and Touron (2009, Experiment 1) reported an apparent exception. They 
repeatedly presented younger and older adults with short stories containing unfamiliar noun 
phrases (e.g., bee caterpillar) that afforded a normatively preferred semantic interpretation 
(referred to as the dominant meaning, e.g., a caterpillar that looks like a bee) and an 
interpretation that was generated infrequently in prior norming studies (referred to as 
the subordinate meaning, e.g., a caterpillar that buzzes like a bee). In each story, the ambiguous 
noun phrase was followed by a sentence indicating the combination’s intended meaning (referred 
to as the disambiguating region, which contained either the dominant or subordinate meaning; 
see sample materials in Table 1). 
 
 
 
On the initial encounter of an unfamiliar phrase, no prior interpretations are stored in memory 
and, thus, semantic processes must generate an interpretation (for theories of the processes 
involved in interpreting novel noun phrases, e.g., see Estes & Glucksberg, 2000; Gagné & 
Shoben, 1997; Gerrig & Bortfeld, 1999; Middleton, Rawson, & Wisniewski, 2011; Murphy, 
2002; Wisniewski, 1997; Wisniewski & Middleton, 2002). These computational processes will 
presumably generate the dominant meaning, which by definition is the one most frequently 
generated in norming studies. If the subsequent disambiguating region contains the dominant 
meaning, no reanalysis will be needed. If the disambiguating region contains the subordinate 
meaning (which by definition is a meaning infrequently generated in norming studies), the 
initially generated meaning will be inconsistent with the intended meaning and reanalysis will be 
required. Reanalysis in the disambiguating region elevates reading times, and thus, longer 
reading times in the subordinate versus dominant condition were expected at the outset of 
practice. Consistent with this expectation, reading times during the first presentation trial were 
significantly longer in the subordinate versus dominant condition for both age groups (on 
average, 252 ms longer for younger adults and 422 ms longer for older adults). 
 
The key prediction concerns reading times in the disambiguating region in later blocks of 
practice. Upon reencounter of the noun phrases in later presentations of the stories, the correct 
interpretations stored on previous trials can be retrieved in both conditions, avoiding the need for 
reanalysis in the subordinate condition. Consistent with this account, reading times in the 
subordinate versus dominant condition did not significantly differ during the last presentation 
trial for either age group (a 9-ms difference for younger adults and a 13-ms difference for older 
adults). Although older adults were somewhat slower to shift to memory-based processing 
(reading times in the subordinate and dominant conditions converged statistically by Trial 3 for 
younger adults but not until Trial 7 for older adults),1 the finding that older adults completely 
shifted to memory-based processing after only seven trials stands in stark contrast to prior 
research involving nonreading tasks, in which older adults typically demonstrate only partial 
shifting at best even after extended amounts of practice (upward of 60–100 trials in many cases). 
 
To our knowledge, these outcomes reported by Rawson and Touron (2009) represent the only 
demonstration of preserved memory-based automaticity in older adults. Other research has 
demonstrated that both younger and older adults show fluency gains when rereading lengthy 
passages, although they differ somewhat in the level of processing showing facilitation (e.g., 
Stine-Morrow, Gagne, Morrow, & DeWall, 2004). However, these and other rereading 
methodologies (for a review, see Collins & Levy, 2008) do not pin down the involvement of 
memory-based processing per se, given that fluency gains may also reflect improvement in the 
efficiency of algorithmic processes (e.g., Wilkins & Rawson, 2010). Given that Rawson and 
Touron (2009) report the only direct evidence for relatively preserved memory-based 
automaticity in older adults, one goal of the current research was to replicate these initial 
findings (for recent emphasis on the importance of replicating novel findings, see Pashler & 
Harris, 2012; Roediger, 2012; Schmidt, 2009). 
 
More important, the current research included two novel extensions to provide more definitive 
evidence of robust memory-based automaticity for older adults during reading. Of key interest, 
the current research evaluated the extent to which older adults show preserved memory-based 
automaticity when practiced items are presented in novel contexts. Stories containing noun 
phrases disambiguated with either their dominant or subordinate meaning were presented 
repeatedly during the practice phase (as in Rawson & Touron, 2009), followed later by a transfer 
phase in which the noun phrases were presented in new sentence contexts in a different task (see 
examples in Table 1). It is important to note that the new sentence context either disambiguated 
with the same meaning from practice or with the other meaning. If interpretation of the noun 
phrase in the transfer sentence is based on retrieval of previously stored interpretations, reading 
times in the subsequent disambiguating region will be a function of match with the practiced 
meaning. If the practiced and transfer meanings are the same, no reanalysis will be needed in the 
                                                 
1 Rawson and Touron (2009) found no age difference in the rate of shift in Experiment 2 (reading times for both age 
groups statistically converged by Trial 2). However, Experiment 2 involved a pretraining phase in which participants 
learned the meanings for some of the combinations prior to practice; thus, these outcomes should be interpreted with 
some caution concerning age similarities in spontaneous shifting to memory-based automaticity. 
disambiguating region. If the practiced and transfer meanings are not the same, reanalysis will be 
needed and, thus, reading times will be slower. In a previous study using this methodology 
(Rawson & Middleton, 2009), younger adults demonstrated this pattern indicating transfer of 
memory-based processing, but the extent to which older adults will show similar levels of 
transfer is unknown. If memory-based processing is less robust for older adults, retrieval of prior 
interpretations of the noun phrases may be minimally involved during transfer. If so, 
interpretation will revert back to the algorithm, which is most likely to generate the dominant 
meaning. In this case, only a main effect of the meaning in transfer would be predicted, with 
faster reading times for transfer items that disambiguate with the dominant meaning versus the 
subordinate meaning. 
 
Additionally, between each block of practice trials in the reading task, the secondary task 
involving repeated presentation of alphabet arithmetic problems (as described earlier). We 
included this task to demonstrate that our older adult sample shows the more typical pattern of 
deficits in a nonreading task, which is important for establishing that any preservation of 
memory-based automaticity observed in the reading tasks is specific to reading rather than 
reflecting task-general preservation. 
 
In sum, the current research provides several important contributions to the literature on age 
effects on memory-based processing in cognitive skill acquisition. As a starting point, we 
provide a replication of Rawson and Touron’s (2009) initial findings, which is important given 
that their single outcome stands in stark contrast to the wealth of prior research demonstrating 
marked age effects on memory-based automaticity. As increasingly emphasized in the field, 
replication of novel findings is important in its own right (e.g., Pashler & Harris, 2012; Roediger, 
2012; Schmidt, 2009), particularly for unexpected or counterintuitive outcomes. Additionally, 
this replication involves a stronger test of older adults’ relative preservation of memory-based 
automaticity during reading by examining shifting to memory-based processing under somewhat 
more difficult practice conditions due to increases in set size and lag here versus in Rawson and 
Touron (2009), two factors that have been shown to retard the shift to memory-based processing 
(Rickard et al., 2008; Wilkins & Rawson, 2013, 2014). 
 
More important, the current work also provides two novel extensions beyond Rawson and 
Touron (2009) that are key for establishing patterns of age deficits and sparing of memory-based 
automaticity. First, we more clearly establish preservation of memory-based automaticity in 
reading by examining age equivalence when items are transferred to novel contexts, which must 
be established before any strong claims can be made about the generality of this mechanism in 
reading for older adults. The possibility remains that memory-based interpretation for older 
adults’ may have been contextually bound to the repeated contexts in which the novel phrases 
occurred (cf. Levy & Burns, 1990). Second, we provide the first demonstration of both age 
deficits and sparing of memory-based automaticity as a function of task in the same sample of 
older adults. As discussed further below, these outcomes have important implications for both 
general theories of automaticity as well as the dominant theories of age effects on memory-based 
automaticity (associative deficit hypothesis and retrieval aversion hypothesis). 
 
METHOD 
 
Participants and Design 
 
Participants included in the analyses reported below were 55 younger adults (69% female 
female) and 59 older adults (68% female).2 Younger adults were students enrolled in psychology 
courses at Kent State University who participated for course credit. Older adults were 
community residents from the Greensboro, North Carolina, area who received a $30 honorarium 
for their participation. Demographic data and performance on the baseline cognitive measures 
are reported in Table 2. Age groups differed in education level, digit–symbol performance and 
vocabulary. However, these variables were not systematically related to the response time 
outcomes of interest in the reading or alphabet arithmetic (AA) tasks (almost all associations 
were small and not significant), and thus we do not discuss them further. 
 
 
 
In the reading practice task, practice meaning (subordinate vs. dominant) and practice block (1–
8) were within-participant manipulations. In the reading transfer task, practice meaning 
(subordinate vs. dominant) and transfer meaning (subordinate vs. dominant) were within-
participant manipulations. In the alphabet arithmetic task, addend size (2 vs. 4) and practice 
block (1–8) were within-participant manipulations. 
 
Materials 
 
Reading tasks 
 
Target items for the reading practice task and the reading transfer task included 24 novel noun-
noun combinations (hereafter referred to as combinations for brevity). Each combination had 
a dominant meaning and a subordinate meaning. As in the vast majority of prior research on 
conceptual combination, the dominant and subordinate meanings were defined empirically based 
on response frequencies from participants in norming studies who were asked to generate a 
meaning for each novel combination. The dominant meaning is defined as the meaning most 
                                                 
2 An additional eight older adults and six younger adults were tested but excluded from analyses because they did 
not complete all experimental tasks, had performance below 70% on the comprehension questions during the main 
reading task, and/or had more than 40 “TOO FAST” warnings during the reading task (indicating noncompliance 
with task instructions to read carefully). 
frequently generated by participants, and the subordinate meaning is defined as a plausible 
alternative meaning that was infrequently generated by participants. The items used here were 
previously developed via norming studies with both younger and older adults (Rawson & 
Middleton, 2009; Rawson & Touron, 2009). 
 
In the reading practice task, each combination was embedded in a short narrative text (developed 
by Rawson & Middleton, 2009) that contained two critical sentences (see Table 1). The first 
critical sentence introduced the novel combination but did not explicitly state the intended 
meaning of the combination. The second critical sentence followed immediately after and 
contained a phrase explicitly stating the intended meaning of the combination; this phrase is 
referred to as the disambiguating region. Two versions of the disambiguating region were 
written for each sentence, one stating the dominant meaning and one stating the subordinate 
meaning. The disambiguating regions in the dominant and subordinate versions of each sentence 
were matched as closely as possible for number of letters (Ms = 25.7 and 24.8), number of 
syllables (Ms = 7.9 and 8.0), mean log word frequency across all words and across only content 
words (Ms = 4.5 and 4.2; Ms = 2.7 and 2.3; G. D. A. Brown, 1984). For each participant, 12 of 
the narratives were presented with the dominant version of the disambiguating sentence and 12 
included the subordinate version, with assignment of narrative to condition counterbalanced 
across participants. Materials for the reading practice task also included 
eight yes/no comprehension questions for each experimental narrative, with a different question 
presented after each trial for a given narrative. Each question tapped understanding of nontarget 
material within the narrative. Materials also included five filler narratives used for instructions 
and warm-up at the beginning of practice, with a yes/no comprehension question for each. 
 
Materials for the reading transfer task included 24 transfer sentences (developed by Rawson & 
Middleton, 2009). Each sentence contained a target combination that had been presented during 
the practice task. Transfer sentences were different than the sentences containing the 
combinations during the practice task (see Table 1). For each transfer sentence, the combination 
was mentioned in the early part of the sentence and disambiguated in the later part of the 
sentence. Two versions of the disambiguating region were written for each transfer sentence, one 
stating the dominant meaning and one stating the subordinate meaning. It is important to note 
that in each transfer sentence, the disambiguating information was either consistent or 
inconsistent with the meaning of the combination that had been presented during the reading 
practice task. That is, half of the combinations disambiguated with their dominant meaning 
during practice were disambiguated with their dominant meaning during transfer, whereas the 
other half were disambiguated with their subordinate meaning during transfer. Likewise, half of 
the combinations that were disambiguated with their subordinate meaning during practice were 
disambiguated with their subordinate meaning during transfer and the other half were 
disambiguated with their dominant meaning. Assignment of combinations to the two transfer 
conditions (dominant vs. subordinate meaning during transfer) was counterbalanced across 
participants. 
 
Materials also included 48 filler sentences. Because the nominal task during transfer involved 
making sensibility judgments, half of the transfer sentences and half of the filler sentences were 
sensible, and the remaining sentences were nonsensical (see Table 1). Nonsensical sentences 
were created by replacing the final word in the sentence with a word that was semantically 
inappropriate in that context (only the sentence-final word was altered to avoid influencing 
reading times in the preceding disambiguating region of the target sentences). 
 
Alphabet arithmetic task 
 
Materials included eight target problems, four with addend 2 and four with addend 4. At each 
addend size, two of the problems were true (e.g., F + 2 = H) and two were false (e.g., E + 4 = J). 
Six additional filler problems from a nonoverlapping portion of the alphabet were used for 
warm-up trials during instructions. 
 
Procedure 
 
Participants first answered basic demographic questions. They were then told that the goal of the 
experiment was to examine how practice in a reading task influences how efficiently people can 
learn from text. They were told they would read each text one segment at a time and were 
instructed to read each story carefully and to answer as many comprehension questions correctly 
as possible. As part of the instructions, participants were presented with two filler narratives to 
familiarize them with the moving window procedure. Before beginning the main task, they were 
told they would be given opportunities for short breaks at various points in the experiment (to 
encourage participants not to stop in the middle of a task). 
 
The reading practice task began with presentation of the three remaining filler narratives as 
warm-up trials, followed by the first block of presentation trials for the target narratives in 
random order. Each narrative was presented using a moving window procedure that presented 
one region of each sentence at a time. Regions were primarily based on natural phrase 
boundaries and contained from 1–7 words (e.g., “As the day wore on, / Sarah started to wonder / 
if a black cat / had crossed her path”). The first region was presented in the upper left of the 
screen. When the participant pressed the spacebar, each alphanumeric character was replaced 
with dashes (spaces and punctuation were not replaced) and the next region was presented to the 
right of the first, and so on for each subsequent region. Participants could not move backward to 
reread previously viewed regions. To discourage skimming, if the mean reading time for 10 
consecutive regions was less than 200 ms, the narrative was temporarily removed from the 
screen and the following warning was displayed for 4 s: “TOO FAST!! Please read each text 
carefully. The story will continue in a moment.” Narrative presentation then resumed at the same 
point as before the warning. The computer recorded the position and number of warnings for 
each participant. 
 
At the end of a narrative, the computer displayed a yes/no comprehension question. After 
incorrect responses, participants saw “ERROR! Please try to read each text carefully” for 1.5 s. 
A different comprehension question was presented after each trial for each narrative. 
Comprehension questions were included to support the cover task instructions that the 
experiment was about text learning and to encourage participants to read each narrative carefully. 
Performance on these questions was relatively high for younger and older adults (M = 91% and 
93%, respectively) and will not be discussed further, given that it is not of theoretical interest for 
present purposes. 
 
After the first block of trials in the reading practice task, participants were given brief 
instructions about the AA task, including presentation of the six filler problems to familiarize 
them with the procedure. Participants were encouraged to answer each problem correctly but as 
quickly as possible. Participants then completed the first block of AA trials, which included four 
repetitions of each of the eight target problems (items were each presented once in random order 
within each of four miniblocks). Each trial began with a row of asterisks in the middle of the 
screen for 500 ms, which was then replaced with the AA problem. Participants responded by 
clicking on one of two buttons below the problem (labeled TRUE and FALSE). The problem and 
response buttons were then replaced by a button labeled NEXT that participants clicked to initiate 
the next trial. 
 
At the end of the first AA block, participants were offered a short break if needed. They then 
completed the second block of trials for the target narratives in the reading practice task, 
followed by the second block of AA trials, and so on until eight alternating blocks of reading 
practice and AA trials were completed. Thus, the 24 items in the reading task were each 
presented eight times during practice (once in each block), and the eight AA items were each 
presented 32 times during practice (four times in each block). Participants were offered a short 
break after each block of AA trials; on average, younger and older adults took less than one 
minute for breaks (M = 0.30 and M = 0.55 min). 
 
Participants then completed a vocabulary test (adapted from the Shipley Vocabulary test, 
Zachary, 1986). Participants had 4 min to answer 40 multiple-choice questions in which they 
were to select the correct synonym for each prompt word. Participants then completed a digit 
symbol task (adapted from Wechsler Adult Intelligence Scale Digit Symbol Subtest; Wechsler, 
1981), in which the Digits 1–9 were paired with symbols at the top of the screen. On each trial, a 
symbol was shown and participants responded with the corresponding number as quickly as 
possible. Participants had 90 s to answer as many questions as possible. In the digit–symbol 
recall task administered immediately after, the nine symbols were presented alone and 
participants recalled which digit went with each symbol. 
 
The vocabulary and digit symbol tasks were administered not only to collect standard baseline 
cognitive measures, but also to help mask the purpose of the transfer task that followed. In the 
transfer task, participants were given cover task instructions that the next task was a measure of 
reading comprehension ability and were not explicitly told about the connection between the 
stimuli included in the transfer task and the previous reading practice task. Participants were 
instructed that they would be presented sentences one at a time to read at their own pace, and that 
“After you have read a sentence, you will be asked to judge whether the sentence was sensible or 
insensible. You will need to read each sentence carefully in order to make correct judgments. 
Your goal is to make as many correct judgments as possible.” The sensibility judgment task was 
used to reduce the nominal similarity of practice and transfer tasks. 
 
Participants were presented with sentences one at a time. The sentence list included the 24 transfer 
sentences and 48 filler sentences. Each sentence was presented one phrase at a time via the moving 
window procedure. After each sentence, participants clicked on one of two buttons to indicate 
whether the sentence was sensible or not. If a participant made an incorrect judgment, the computer 
displayed the word ERROR on the screen for 1.5 s before beginning the next trial. 
RESULTS 
 
Reading Practice Task 
 
For each participant, we computed mean reading time in the disambiguating region within each 
block of trials for each condition. For these and all other reading time measures reported below, 
less than 1% of reading times for individual trials were removed as outliers.3 Figure 1 reports mean 
reading times in the disambiguating region. Results of an omnibus 2 (age group) × 2 (subordinate 
vs. dominant meaning) × 8 (practice block) mixed-factor analysis of variance (ANOVA) are 
reported in Table 3. The three-way interaction was significant, which we examine further below 
by focusing discussion on outcomes from paired comparisons that evaluate directional predictions 
motivated by the results of previous research. For these and other comparisons, Cohen’s d values 
were computed using pooled standard deviations (Cortina & Nouri, 2000). 
 
As in prior research, both age groups showed practice effects, with faster reading times during 
the eighth versus first block of practice in the subordinate condition—younger adult: t(54) = 
19.72, p < .001, d = 3.13; older adult: t(58) = 20.43, p < .001, d = 3.40—and in the dominant 
condition—younger adult: t(54) = 20.77, p < .001, d = 3.25; older adult: t(58) = 18.29, p < 
.001, d = 2.98. Of greater interest, comparisons of reading times for subordinate and dominant 
items in each block of practice provide evidence that these practice effects reflected increasing 
involvement of memory-based processing in both age groups. As reported in Table 4, reading 
times in the first block of practice were significantly slower in the subordinate versus dominant 
condition for both age groups, as expected. To revisit, all combinations are unfamiliar during 
Block 1, and thus, the dominant meaning is assumed to be computed initially in both conditions. 
In the subsequent disambiguating region, reanalysis will be necessary in the subordinate 
condition, as reflected by the longer reading times. In contrast, reading times for subordinate and 
dominant items converged statistically by Block 4 for younger adults and by Block 6 for older 
adults, with minimal differences thereafter (see effect sizes for later blocks of practice, Table 4). 
Upon later encounters of the combinations, both younger and older adults presumably shifted 
away from computation to retrieval of appropriate interpretations and, thus, avoided the need for 
reanalysis in the subordinate condition. 
 
 
 
 
 
 
 
 
                                                 
3 We used a two-stage approach to exclude outliers. In Stage I, any region reading time <100 ms or >10,000 ms in 
any block was excluded. In Stage II, we identified individual mean values >3 SDs above group mean. Of 4,140 
individual mean values inspected, 27 were outliers by this criterion. In 12 of these cases, removal of one long 
response time in that condition (ranging from 5,250–8,367 ms, all in later blocks of practice) brought the 
participant’s mean value within the range of the group. In total across both stages, < 1% of reading times were 
excluded. We used the same approach for the alphabet arithmetic task. In Stage I, response times <50 ms or >1,2000 
ms were excluded; in Stage II, 11 individual mean values were outliers, and all 11 were brought into the group range 
with the removal of 1–2 additional response times (from 9,134–11,684 ms). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In sum, the convergence of reading times in the subordinate and dominant conditions later in 
practice provides evidence that both age groups were shifting to retrieval. An alternative 
interpretation is that older adults were still engaging in computation in later blocks of practice 
but were completing reanalysis in the subsequent region (i.e., the spillover region) rather than in 
the disambiguating region. Examination of reading times in the spillover region largely rule out 
this possibility (see Figure 2; inferential statistics are reported in Tables 3-4). Although some 
spillover effects were evident early in practice, older adults’ reading times for subordinate versus 
dominant items in the spillover region did not significantly differ in Blocks 5–7 (see Table 4). 
 
Finally, reading times for the sentence region containing the combination (e.g., “the skunk mud”) 
are reported in Table 5; outcomes of an omnibus 2 (age group) × 2 (subordinate vs. dominant 
condition) × 8 (practice block) mixed-factor ANOVA are reported in Table 3. As would be 
expected, the main effects of age group and practice block were significant; no other effects were 
significant. 
 
 
 
 
 
 
 
Reading Transfer Task 
 
Outcomes of the reading transfer task provide even stronger evidence for older adults’ 
preservation of memory-based automaticity during reading. Mean reading times in the 
disambiguating region of the transfer sentences in each condition are reported in Figure 3; 
outcomes of a 2 (age group) × 2 (meaning in practice) × 2 (meaning in transfer) ANOVA are 
reported in Table 3. 
 
The key outcome concerns the significant two-way interaction between practice meaning and 
transfer meaning (see Table 3), which provides evidence that participants were retrieving 
interpretations stored during practice rather than computing interpretations during transfer. As 
noted in Table 3, the three-way interaction (between practice meaning, transfer meaning, and 
age) was significant. Follow-up tests revealed that the critical two-way interaction between 
practice meaning and transfer meaning (providing evidence for memory-based processing) was 
stronger for older adults—ηp2 = .53, F(1, 58) = 64.22, MSE = 209833, p < .001—than for 
younger adults— ηp2 = .37, F(1, 54) = 31.25, MSE= 114828, p < .001. 
 
For both age groups, reading times on the subordinate meaning during transfer were significantly 
shorter when that item had been practiced with the subordinate meaning versus practiced with 
the dominant meaning—younger adult: t(54) = 4.03, p < .001, d = .41; older adult: t(58) = 
5.26, p < .001, d = .79. Likewise, reading times on the dominant meaning during transfer were 
significantly shorter when that item had been practiced with the dominant meaning versus 
practiced with the subordinate meaning—younger adult: t(54) = 3.79, p < .001, d = .42; older 
adult: t(58) = 5.74, p < .001, d = .82. Taken together, these outcomes indicate that upon 
encounter of a combination in the transfer sentence, participants retrieved interpretations of that 
combination that were encoded during practice. When the retrieved meaning was consistent with 
the disambiguation later in the sentence (i.e., in the subordinate-subordinate and dominant-
dominant conditions), no reanalysis was required. When the retrieved meaning was inconsistent 
with the disambiguation later in the sentence (i.e., in the dominant-subordinate and subordinate-
dominant conditions), reanalysis was required to resolve the inconsistency and, thus, reading 
times were elevated in these two conditions relative to their counterpart conditions. In contrast, if 
older adults had reverted back to algorithmic processing during transfer (e.g., due to forgetting or 
to reduced access to the stored interpretations because of context shift), the dominant meaning of 
the combinations would have been generated regardless of the meaning during practice. If so, 
reanalysis would be required for subordinate transfer items and, thus, only a main effect of 
transfer meaning would have been expected, which clearly did not obtain. 
 
One additional comparison is relevant for ruling out the possibility that older adults’ 
interpretation of the combinations reverted back to algorithmic processing during transfer. For 
items that were practiced with the subordinate meaning, reading times were longer when the 
dominant meaning was presented in transfer than when the subordinate meaning was presented 
(i.e., the subordinate-dominant vs. subordinate-subordinate conditions)—younger adult: t(54) = 
2.30, p = .025, d = .24; older adult: t(58) = 3.75, p < .001, d = .57. If interpretation reverted back 
to the algorithmic process (which generates the dominant meaning), reading times would have 
been faster when the disambiguating region contained the dominant meaning than when it 
contained the subordinate meaning. 
 
Finally, we briefly report outcomes concerning the accuracy of participants’ sensibility 
judgments. To revisit, the task was used to reduce the nominal similarity of the practice and 
transfer tasks and performance was examined primarily as an indicator of sufficient attention 
during the transfer task. Overall, judgment accuracy was relatively high for younger and older 
adults (M = 89% and 93%, respectively). However, accuracy was lower in the condition 
involving dominant meanings in practice with subordinate meanings in transfer (M = 74%) than 
in the other three conditions (all Ms = 92%), F(1, 112) = 43.71, p < .001, ηp2 = .28 (no 
interactions involving age group were significant). Although unexpected, this outcome is 
consistent with the possibility that individuals had particular difficulty resolving the 
inconsistency between practice and transfer meanings in the dominant-to-subordinate condition 
and/or rejected the subordinate meaning. 
 
Alphabet Arithmetic Task 
 
As a reminder, each AA item was presented four times in each practice block; values were 
averaged across trials in each block. Alphabet arithmetic data were excluded for one older adult 
with response times more than three standard deviations above group means in every block of 
practice (and >4 SDs in most blocks). 
 
The percentage of correct responses on AA trials was consistently high in all eight blocks for 
both age groups (Ms = 95%–98%). For each participant, we computed mean response time for 
correct responses within each block for each addend condition.4 Less than 1% of response times 
for individual trials were removed as outliers. Figure 4 reports mean response times for each 
block. Results of an omnibus 2 (age group) × 2 (addend size) × 8 (practice block) mixed-factor 
ANOVA are reported in Table 3. Below, we focus discussion on outcomes from paired 
comparisons that evaluate directional predictions motivated by previous research. 
 
 
                                                 
4 All qualitative patterns reported below are the same when response times for all items are included. 
 
 
 
As in prior research using similar tasks, both age groups showed practice effects, with 
significantly faster response times during the eighth versus first block in the addend 4 
condition—younger adult: t(54) = 12.68, p < .001, d = 2.18; older adult: t(57) = 13.89, p < 
.001, d = 1.66—and in the addend 2 condition—younger adult: t(54) = 13.27, p < .001, d = 1.97; 
older adult: t(57) = 15.93, p < .001, d = 1.51. Of greatest interest, as is evident from the pattern 
shown in Figure 4, these practice effects apparently reflected almost no involvement of memory-
based processing for older adults, with minimal convergence of response times for addend 2 and 
addend 4 items across practice (response time difference of 575 ms per addend in Block 1 vs. 
404 per addend in Block 8). In contrast, although younger adults did not completely shift to 
memory-based processing by the end of practice (see Table 4), a stronger pattern of convergence 
is clearly evident (response time difference of 482 ms per addend in Block 1 vs. 133 per addend 
in Block 8). 
 
 
 
Most important, the relatively minimal convergence in response times observed for older adults 
indicates that the rapid and robust shift to retrieval in the reading task was specific to reading and 
not task-general. To facilitate examination of the dissociation of age effects in the reading task 
versus the alphabet arithmetic task, Figure 5 illustrates the degree of convergence of response 
times across practice blocks in each task for each age group. Specifically, the top panel of Figure 
5 reports the mean difference in reading times for subordinate versus dominant disambiguating 
regions in the reading task for each age group. The bottom panel of Figure 5 reports the mean 
difference in response times for addend 4 versus addend 2 items in the AA task for each age 
group. In all four cases, the data were best fit by an exponential function. To revisit, the 
magnitude of the difference in response times for conditions that involve more versus less 
complex computations indicates the degree to which memory-based processing is involved. For 
the reading task, the difference in reading times approaches zero in both age groups, and the 
slope indicating rate of shift is actually somewhat steeper for older versus younger adults (Z = 
2.28, p = .023). In contrast, the rate of shift is much steeper for younger versus older adults in the 
AA task (Z = 4.17, p < .001). 
 
 
 
DISCUSSION 
 
In contrast to the sizable literature demonstrating deficits in memory-based automaticity for older 
adults, Rawson and Touron (2009) reported initial findings suggesting that older adults’ 
memory-based automaticity is relatively preserved in a reading task. The current research 
provided more definitive evidence for robust memory-based automaticity for older adults during 
reading. During the reading practice task, older adults shifted to primary reliance on memory-
based processing after relatively few repetitions of the unfamiliar noun phrases (as evidenced by 
convergence of reading times in the subordinate and dominant conditions). This rapid shift to 
retrieval occurred despite somewhat more difficult practice conditions (larger set size and longer 
lags between repetitions) than in the original study by Rawson and Touron (2009). 
 
Most important, older adults demonstrated robust memory-based processing when the noun 
phrases were presented in novel contexts in a nominally different transfer task—reading times 
differed substantially as a function of the match between meaning during practice and meaning 
during transfer. These outcomes support stronger claims about the robustness of memory-based 
automaticity in reading for older adults by establishing that memory-based interpretation was not 
contextually bound. Presumably, the slower reading times for mismatched conditions in transfer 
reflected the need for reanalysis when the information in the disambiguating region during 
transfer was inconsistent with the interpretation of the combination from practice that had been 
retrieved. Another possibility is that faster reading times in the matched conditions reflected 
repetition priming from repeated phrases that facilitated processing at the word level. This 
possibility is unlikely, given that repetition priming effects are typically small for word primes 
embedded in text (Levy & Kirsner, 1989; Oliphant, 1983; Rawson, 2007). The potential role of 
repetition priming raises the question of what exactly underlies priming—given that memory-
based automaticity theorists assume that retrieval of previously stored interpretations also 
underlies repetition priming (Gupta & Cohen, 2002; Logan, 1990), this possibility does not pose 
interpretive difficulty for present purposes and is not mutually exclusive (i.e., the pattern of 
reading times in transfer may reflect both repetition priming and semantic reanalysis in the 
disambiguating region). 
 
In contrast to older adults’ relatively rapid shift to memory-based automaticity in reading (i.e., by 
Trial 6 during practice and then maintained into transfer), older adults showed minimal evidence 
for memory-based automaticity in alphabet arithmetic, aligning with prior research involving 
nonreading tasks (Hoyer et al., 2003; Jenkins & Hoyer, 2000; Rogers et al., 2000; Touron & 
Hertzog, 2004a, 2004b; Touron et al., 2004, 2007). Of course, the reading task used here differed 
from the alphabet arithmetic task (and other tasks used in prior automaticity research) in various 
aspects of the task and materials. However, at least two factors—set size and lag—can be ruled 
out as explanations for differential shifting (other factors are considered further below). Reading 
practice involved 24 repeated items, with trials for a given item separated by 23 other stories on 
average (as well as the secondary tasks inserted between blocks). Alphabet arithmetic only 
involved eight repeated items, and the four trials for a given item within each block were 
separated by only seven other items only requiring a few seconds each for response. Smaller set 
size and shorter lags would have favored the alphabet arithmetic task over the reading task, but 
the opposite pattern was observed. 
 
Theoretical Implications 
 
The overall pattern of outcomes has important implications for theories of memory-based 
automaticity in general and for specific theoretical accounts of age effects on memory-based 
automaticity. As described below, none of the existing theories as currently formulated are 
equipped to explain the current outcomes. Thus, these results will inform theory development 
that in turn will guide further research to evaluate plausible moderators of the involvement of 
memory-based processing during skill acquisition. 
Memory-based theories of automaticity 
 
The differential rate of shifting in reading tasks versus in nonreading tasks observed here and 
elsewhere is not easily accommodated by basic memory-based theories of automaticity (Logan, 
1988; Palmeri, 1997; Rickard, 1997). To revisit, instance theory assumes that the shift from 
algorithm to retrieval is primarily based on (a) the relative speed of the algorithm versus 
retrieval, which in turn is largely determined by (b) the number of instances stored in memory. 
On average, older adults shifted to retrieval in the reading task by Trial 6 (i.e., with only five 
prior instances stored in memory), whereas they failed to shift by the end of AA practice even 
with 31 prior instances stored in memory. Thus, the differential shift in these two tasks cannot 
easily be attributed to differences in the number of stored instances. Differential shift also cannot 
easily be attributed to the relative speed of the algorithm versus retrieval in these two tasks, 
because algorithm speed was much slower in the AA task than in the reading task. For the AA 
task, response times in Block 1 (see Figure 4) provide an estimate of initial algorithm speed. For 
the reading task, reading times in Block 1 for the region of the target sentence containing the 
unfamiliar noun phrase (e.g., in the stories shown in Table 1, “The tiger chair” and “the skunk 
mud”) provide an estimate of initial algorithm speed (as this is the region in which the meaning 
of the noun phrase would initially be processed via algorithm). For older adults, AA algorithm 
speed was 4,324 ms on average across the two addend conditions, whereas speed of the 
algorithm for interpreting noun phrases was 1,541 ms. Thus, retrieval should have been less 
competitive in the reading task than in the AA task. 
 
Associative deficit hypothesis 
 
As currently formulated, memory-based automaticity theories also do not afford a 
straightforward explanation for age differences, given that younger and older adults receive the 
same amount of practice with each item in each task and, thus, presumably had the same number 
of instances stored in memory. To account for age differences in memory-based automaticity, the 
associative deficit hypothesis (Naveh-Benjamin, 2000) states that older adults are less able to 
rely on retrieval due to poorer encoding of stimulus-response pairs during practice. This 
hypothesis is consistent with the voluminous literature documenting associative memory deficits 
for older adults (e.g., Cerella, Onyper, & Hoyer, 2006; Dunlosky, Hertzog, & Powell-Moman, 
2005; Naveh-Benjamin, 2000; Naveh-Benjamin, Brav, & Levy, 2007; Old & Naveh-Benjamin, 
2008), and older adults’ retrieval use and response time improvements are related to associative 
memory ability (Rogers et al., 2000). Based on striking similarity between patterns of paired 
associate learning in an explicit memory task and shifts to retrieval in a skill training task, 
Cerella et al. (2006) concluded that “the age deficit in SK [skill training] can be accounted for by 
the age deficit in associative memory; no further explanation is needed” (p. 483). 
 
However, the current results are not easily accommodated by the encoding deficiency account, 
because it does not provide a straightforward explanation for why older adults would be 
equipped to shift to memory-based processing in reading after very few trials but not in 
nonreading tasks after extensive amounts of practice. At a minimum, to be viable for explaining 
the overall pattern of outcomes, an encoding deficiency account would require further 
specification of the factors that would yield relatively intact associative memory in reading but 
not in other tasks. 
One key factor may concern the richness of the representation afforded in reading versus in other 
tasks, which may affect the quality of encoding and, thus, the accessibility of instances to support 
memory-based processing. For example, higher-quality encoding during reading may be 
supported by the additional contextual information provided in the narrative that can be encoded 
along with the nominal stimulus (in the current task, the nominal stimulus refers to the novel 
noun-noun combinations) and the interpretation of that stimulus. In contrast, the nominal stimuli 
in other automaticity tasks are typically presented with no additional contextual information that 
would support encoding of stronger stimulus–response associations. One possible means for 
testing this account would involve presenting novel combinations and their intended meanings 
either embedded in a narrative or in isolation, followed by a memory-based criterion task. This 
account also predicts more generally that other tasks involving richer contextual information may 
also show relative preservation of memory-based automaticity for older adults (e.g., training 
through pictures or images). 
 
Likewise, the nominal stimuli involved in the reading task versus other automaticity tasks likely 
differ in the nature of elaborative processing afforded by the nominal stimuli involved. In 
contrast to the stimulus-response pairs in alphabet arithmetic (and most other automaticity tasks 
used to date), the concreteness of the noun combinations and their meanings may allow older 
adults to create a rich semantic representation of the combination in memory, through visual 
imagery or some other form of elaboration. To explore this possibility, one direction for further 
research could involve presentation of the same nominal stimuli (e.g., skunk mud) as novel 
combinations in the reading task versus as noun pairs in the noun-pair look-up task (in brief, this 
task involves presenting a set of noun pairs in a table at the top of the screen, and on each trial 
either an intact or a mismatched noun pair is presented at the bottom of the screen for 
participants to decide whether that pair is included in the table). Equating the nominal stimuli in 
the two tasks would then permit examination of functional differences in the spontaneous use of 
elaborative processing strategies as a function of task, and/or differential sensitivity to 
instructional manipulations to affect the use of elaborative encoding in the two tasks (e.g., to the 
extent that older adults spontaneously use imagery to encode stimuli during reading but not 
during noun-pair look-up, instructions to use imagery would have a stronger effect on memory-
based processing in the noun-pair look-up task than in the reading task, and a stronger effect on 
noun-pair look-up performance for older vs. younger adults). 
 
Retrieval aversion hypothesis 
 
Age differences in retrieval shifts have also been proposed to reflect strategic differences in older 
and younger adults’ reliance on retrieval, even when associative memory is sufficient for use of 
memory-based processing (i.e., the retrieval aversion hypothesis, Touron & Hertzog, 
2004a). Touron and Hertzog (2004a) used the noun-pair look-up task with a set of 20 noun pairs. 
Each item was presented for 100 trials, and participants reported which process they used on 
each trial (scan the table or retrieve the response). Despite the extensive amount of practice, 
reports of retrieval use were still substantially lower for older adults than for younger adults at 
the end of practice (around 55% vs. 95% of trials, respectively). Another group of participants 
periodically completed recognition trials in which they responded to noun pair probes without 
the look-up table present. Although memory performance was somewhat lower for older versus 
younger adults at the beginning of practice, memory performance did not differ and was 
consistently near ceiling for the remainder of practice. Thus, despite having adequate item 
memory, older adults underutilized memory-based processing (see also Frank, Touron, & 
Hertzog, 2013; Hertzog & Touron, 2011; Touron & Hertzog 2004b, 2009; Touron et al., 2007). 
 
As currently formulated, the retrieval aversion hypothesis is not equipped to account for the 
current outcomes. To accommodate the differential involvement of memory-based processing in 
reading versus nonreading tasks, a relatively straightforward modification of this account would 
assume that older adults are less averse to rely on retrieval in reading versus nonreading tasks. 
Some prior outcomes are consistent with this possibility. Rawson and Touron’s (2009) 
Experiment 2 included a within-participant manipulation in which half of the noun phrases and 
definitions were pretrained, using a study-test procedure until each had been correctly recalled 
once. Older adults shifted rapidly for both trained and untrained noun phrases. This rapid and 
uniform shift to retrieval by older adults stands in direct contrast to the patterns obtained in 
comparable studies with other skill acquisition tasks. For example, Hines, Hertzog, and Touron 
(2012) used an extensive pretraining manipulation for the learning of noun pairs. When all noun 
pairs were pretrained to a high criterion, both young and older adults shifted to the memory 
retrieval strategy rapidly. However, when only half of the noun pairs were pretrained, older 
adults showed substantially less use of the memory strategy, even following considerable 
training with each noun pair. The retrieval aversion for the pretrained noun pairs in this condition 
implicates a general metacognitive influence on strategy choice, such as memory confidence. 
Taken together, these findings are consistent with the possibility that older adults are more likely 
to utilize memory retrieval strategies in reading, relative to other tasks. 
 
Of course, this assumption begs the question of why older adults would be less averse to using 
retrieval during reading. One possibility is that retrieval aversion is a function of the demands for 
responding. Older adults may be more averse to relying on retrieval in tasks that require a 
speeded overt response that will be judged as objectively correct or incorrect (such as alphabet 
arithmetic and other novel laboratory tasks) versus in tasks that do not require an overt and/or 
speeded response (such as reading). Another possibility is that retrieval aversion is a function of 
general task familiarity, such that older adults may be more averse to relying on retrieval in 
unfamiliar tasks (such as alphabet arithmetic and other novel laboratory tasks) versus in familiar 
tasks like reading. It is also possible that older adults are more willing to utilize memory retrieval 
when it is supported by the rich context of a narrative passage. Although older adults are 
somewhat less precise when initially deriving the meaning of an unfamiliar word from its textual 
context (McGinnis & Zelinski, 2000, 2003), this effect was limited to the oldest subset of older 
adults (75 + years), and repeated exposure might provide sufficient support to adopt and rely on 
a meaning that has been explicitly provided, as in the present study. Investigating these and other 
factors that may systematically affect older adults’ retrieval aversion is an important direction for 
future research. 
 
In sum, the current research provides definitive evidence for relative preservation of memory-
based automaticity in reading for older adults, which represents a significant departure from the 
modal finding in the vast majority of prior research involving nonreading tasks. These outcomes 
have important implications for theories of age effects in skill acquisition and for theories of 
memory-based automaticity more generally. This work also provides a useful launching point for 
further investigation of age-related differences in the involvement of memory-based processing 
in cognitive skill acquisition. 
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